C 18 H 26 N4O 8 , triclinic, P1 (no. 2), a = 4.7975(2) Å, b = 9.8725(3) Å, c = 11.0244(3) Å, α = 85.312(3)°, β = 79.872(3)°, γ = 87.600(3)°, V = 512.09(3) Å 3 , Z = 1, Rgt(F) = 0.0381, wR ref (F 2 ) = 0.1064, T = 100(2) K.
The molecular structure is shown in the figure. Table 1 contains crystallographic data and Table 2 contains the list of the atoms including atomic coordinates and displacement parameters. CrysAlis PRO [1] , SHELX [2, 3] , WinGX/ORTEP [4] Source of material N,N′-Bis(pyridin-4-ylmethyl)oxalamide, 4 LH 2 , was prepared according to the literature procedure [5] (melting point, m.pt: 485-486 K; lit. [5] : 486-487 K). The title co-crystal solvate was prepared by dissolving 4 LH 2 (0.154 g, 1 mmol) in an excess of glacial acetic acid (3 mL Fourier maps appear to indicate partial proton transfer to give a pyridinium cation and acetate anion in a ca. 0.3 : 0.7 ratio. On the basis of the great disparity in the C2-O1, O2 bond lengths (see below) the molecules were modelled as neutral. Further multi-temperature experiments would clarify whether proton transfer occurs as a function of temperature or whether the above observation is an artefact of the data.
Comment
The structural chemistry of isomeric molecules of the general formula (n-C5H4N)CH 2 N(H)C(=O)C(=O)N(H)CH 2 (C5H4N-n), for n = 2, 3 and 4, abbreviated as n LH 2 , and their co-crystals, salts and metal complexes has been reviewed recently [6] .
The key feature of the molecules in terms of co-crystal formation is the presence of a central di-amide functionality as well as two terminal pyridyl residues, both of which are capable of participating in conventional hydrogen bonding. Continuing interest in examining co-crystal formation of 4 LH 2 and their ability to generate coordination polymers [7] [8] [9] , lead to the isolation of the title 2:1 co-crystal di-hydrate, 4 
The molecular structure of the constituents of the crystal are shown in the figure (70% displacement ellipsoids; the full molecule of 4 LH 2 and symmetry-related acetic acid and water molecules are generated by the symmetry-operation (i) 1 − x, 2 − y, 2 − z; in the Figure the water is shown as ordered). The 4 LH 2 molecule is disposed about a centre of inversion so the pyridyl rings adopt an anti-periplanar disposition. The central C 2 N 2 O 2 atoms are co-planar [r.m.s. deviation = 0.0034 Å], with the adjacent C8 atoms lying 0.065(2) Å to either side of the plane. An intramolecular amide-N-H· · · O(amide) hydrogen bond is noted [N2-H2n· · · O3 i : H2n· · · O3 i = 2.335(14) Å, N2· · · O3 i = 2.7025(13) Å, with angle at H2n = 105.1(11)°] which gives rise to an S(5) loop using graph-set notation [10] . An orthogonal relationship between the central plane and each terminal pyridyl ring is evident as seen in the dihedral angle between the planes of 87.28(3)°. Suggestive evidence that the carboxylic acid is just that, an acid, is found in the great disparity in the C2-O1, O2 bond lengths of 1.3122(16) and 1.2232(16) Å, respectively; see Experimental details for the possibility of partial proton transfer.
Significant hydrogen bonding is evident in the molecular packing. As seen from the figure, there are acetic acid-O-H· · · N(pyridyl) [O1-H1o· · · N1: H1o· · · N1 = 1.754(18) Å, O1· · · N1 = 2.6051(14) Å with angle at H1o = 175.6(19)°] and water-O-H· · · O(amide) [O1w-H1w· · · O3: H1w· · · O3 = 2.038(11) Å, O1w· · · O3 = 2.8694(14) Å with angle at H1w = 167(2)°] hydrogen bonds. The aforementioned hydrogen bonds give rise to a five-molecule aggregate. In the crystal, the acetic acid-O-H· · · N(pyridyl), mentioned above, combine with amide-N-H· · · O(carbonyl-acetic acid) hydrogen bonds [N2-H2n· · · O2 ii : H2n· · · O2 ii = 2.174(15) Å, N2· · · O2 ii = 2.9542(14) Å with angle at H2n = 147.2(13)°for (iii) 1 − x, 2 − y, 1 − z] to give rise to 22-membered, centrosymmetric {· · · HNC4N· · · OHCO} 2 synthons and supramolecular tapes along the c-axis direction. The water molecules are connected to the chains laterally (along the b-axis direction) and are linked to each other normal to the tapes via water-O-H· · · O(water) hydrogen bonds to form chains along the a-axis and therefore, stabilise a three-dimensional architecture. As noted in the Experimental details, the second water-bound hydrogen atom is disordered over two positions, in a 50:50 ratio for H2w and H3w, and so there are two such connections to consider [O1w-H2w· · · O1w iii : H2w· · · O1w iii = 1.97(3) Å, O1w· · · O1w iii = 2.7945(19) Å with angle at H2w = 165(4)°and O1w-H3w· · · O1w iv : H3w· · · O1w iv = 1.92(2) Å, O1w· · · O1w iv = 2.7468(19) Å with angle at H3w = 165(4)°for (iii) −x, 1 − y, 2 − z and (iv) 1 − x, 1 − y, 2 − z]. In order to gain further insight into the supramolecular association in the crystal, Crystal Explorer 17 [11] was employed to calculate the Hirshfeld surfaces as well as the full and delineated two-dimensional fingerprint plots which was analysed following established procedures [12] . Initially, the calculations were performed on the fivemolecule aggregate illustrated in the upper view of the figure; the reported values are the average of the results calculated for the individual disorder components. The most important contribution to the Hirshfeld surface comes from H· · · H contacts [40.6%]. However, O· · · H/H· · · O contacts make a notable contribution to the calculated surface, at 35.5%, which is consistent with the significant H· · · O contacts identified above. The other major contribution comes from C· · · H/H· · · C contacts [15.1%]. Other contributions >2% to the surface are due to N· · · H/H· · · N [3.2%] and O· · · O [1.6%]. Very similar percentage contributions are noted in a closely related structure, 3 LH 2 ·2CH 3 C(=O)OH [13] , that is with the isomeric 3-pyridyl base and lacking solvent water molecules. Hence, in this latter structure, H· · · H and O· · · H/H· · · O contacts are calculated to contribute 44.1 and 30.0%, respectively, to the overall surface. Contacts of the type C· · · H/H· · · C [14.4%] also make a significant contribution, followed by N· · · H/H· · · N [4.7%] and O· · · C/C· · · O [3.2%] but at long separations. Calculations were also performed on the individual 4 LH 2 and acid molecules. For the former, the major contributions to the calculated Hirshfeld surface were H· · · H [38.7%], O· · · H/H· · · O [28.5%], C· · · H/H· · · C [19.1%] and N· · · H/H· · · N [9.4%], together contributing to over 95% of all contacts to the overall surface. The remaining contacts are O· · · N/N· · · O [1.5%], N· · · C/C· · · N [1.1%], O· · · C/C· · · O [1.0%] and C· · · C [0.7%]. For the molecule of acetic acid, hydrogen atoms are involved in over 96% of all surface contacts: O· · · H/H· · · O [41.4%], H· · · H [38.4%], N· · · H/H· · · N [8.5%] and C· · · H/H· · · C [8.0%].
